
                              
 

  
AD_________________ 

 
 
Award Number:  W81XWH-04-1-0098 
 
 
 
 
TITLE:   Radiation Sensitization via Inhibiting Survival of Prostate Cancer and Its   
              Vascular Endothelium 
 
 
 
 
PRINCIPAL INVESTIGATOR:   Bo Lu, Ph.D. 
 
 
 
 
CONTRACTING ORGANIZATION:   Vanderbilt University Medical Center
                                                          Nashville, TN 37232 
 
 
 
REPORT DATE:  February 2008 
 
 
TYPE OF REPORT:  Annual Summary 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                                Fort Detrick, Maryland  21702-5012 
             
  
 
DISTRIBUTION STATEMENT:  Approved for Public Release;  
                                                   Distribution Unlimited 
 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE  
28-02-2008 

2. REPORT TYPE
Annual Summary

3. DATES COVERED 
1 FEB 2007 - 31 JAN 2008

4. TITLE AND SUBTITLE 
Radiation Sensitization via Inhibiting Survival of Prostate 

5a. CONTRACT NUMBER 
 

Cancer and Its Vascular Endothelium 
 

5b. GRANT NUMBER 
W81XWH-04-1-0098 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Bo Lu, Ph.D. 

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 

 
Email: bo.lu@vanderbilt.edu 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

Vanderbilt University Medical Center 
Nashville,TN 37232 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES 
  

14. ABSTRACT  
 
We have focused upon tissue analyses and novel agents for prostate cancer. We have collected close to one thousand cases of prostate cancer tissue 
samples. DNA samples were extracted from 250 cases. Genotyping of various SNPs revealed a SNP from EGFR and another SNP from MMP7 were 
significantly associated with prostate cancer recurrence, by uni or multi-variate analyses. Ongoing experiments led by these findings aim to determine 
inhibitors of EGFR (Tarceva) or MMP7 (Marimastat) enhance therapeutic efficacy of radiotherapy and chemotherapy in prostate cancer models. We also 
investigate small molecule compounds such as aurora kinase inhibitors in radiosensitizing prostate cancer models. 

15. SUBJECT TERMS 
 Prostate cancer, radiotherapy, Akt, Pten, mTOR 
 
16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE 
U 

 
UU 

     
      9
 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



 

 

 
                                                                                        Table of Contents
 
 
                                                                                                                                           Page 
 

1. Introduction................................................................................................................4 
2. Body...........................................................................................................................4 
3. Key Research Accomplishments...............................................................................8 
4. Reportable Outcomes................................................................................................8



 

 

1. Introduction: 

We have focused upon tissue analyses and novel agents for prostate cancer. We have collected close to one 
thousand cases of prostate cancer tissue samples. DNA samples were extracted from 250 cases. Genotyping 
of various SNPs revealed a SNP from EGFR and another SNP from MMP7 were significantly associated 
with prostate cancer recurrence, by uni or multi-variate analyses. Ongoing experiments led by these findings 
aim to determine inhibitors of EGFR (Tarceva) or MMP7 (Marimastat) enhance therapeutic efficacy of 
radiotherapy and chemotherapy in prostate cancer models. We also investigate small molecule compounds 
such as aurora kinase inhibitors in radiosensitizing prostate cancer models. 

 
2. Body: 

 
Establishing clinical database: 
We have established a database for close to one thousand prostate cancer patients who underwent 
prostatectomy at Vanderbilt University Medical Center since 1997. The study was approved by 
Institutional Review Board (IRB# 030986) at Vanderbilt University School of Medicine. All 
patients had clinically localized prostate cancer and were treated with radical prostatectomy as a 
primary treatment. All patients had adenocarcinoma confirmed histologically. The patients were 
followed at Vanderbilt Hospital or at local hospitals. All pathological information was reviewed 
by one pathologist and the tumor differentiation was evaluated using Gleason`s score criteria. 
Clinical stage was classified according to the AJCC TNM staging system. The Clinical and 
histological characteristics of the patients are tabulated. 

 
Tissue preparation and DNA extraction  
Using a standard microtome with disposable blades, 5um thickness sections of a representative 
areas of normal prostatic glands were cut from the paraffin embedded blocks and stained with 
Hematoxylin and eosin (H&E)  and  then examined under a microscope to verify the absence of 
prostate cancer. 5um thickness section (about 1ug) from each patient was used for DNA 
extraction. The sections were deparaffinized with xylene at room temperature for 30minutes 
twice. Then the deparaffinized tissue was washed with 100% ethanol twice. After the ethanol had 
evaporated completely, the tissue was completely lysed with proteinase K. Then QIAamp DNA 
Mini Kit (QIAGEN Inc, Valencia, CA) was used to extract and purify 250 DNA samples from 
the tissues according to the tissue protocol of the kit.  
 
Polymorphism Genotyping 
The allelic discrimination of various gene polymorphisms was assessed with the ABI Prism 7900 HT 
Sequence Detection System. Polymerase chain reaction was performed 
with a total volume of 5 _L, which contained approximately 2.5 ng DNA, 1 _ Taqman Universal PCR 
Master Mix, each primer at a concentration of 900 nM, and each probe at a concentration of 200 nM.  
The fluorescence levels were measured with an ABI PRISM 7900 HT Sequence Detector and resulted in 
clear identification of three genotypes of each polymorphism. The laboratory staff was unaware of the 
identity of the men. Quality controls were included in the genotyping assays. Each 384 well plate 
contained four water, eight CEPH 1347-02 DNA, and eight blinded quality control samples, and 
unblended quality control samples. The blinded and unblended quality control samples were taken from 
the second tube of the study samples included in this study. 

 
EGFR: 

Genomic DNA was extracted from the resected prostate tissues, and genotyped with allele-specific 
Taqman probes for nine haplotype-tagging single nucleotide polymorphisms (htSNPs) in intronic, 
exonic, and flanking regions of linkage disequilibrium in the EGFR gene.  Correlations between alleles 
and clinical markers, as well as follow-up recurrence and survival data up to ten years post-
prostatectomy were investigated using univariate and multivariate genetic analysis models. There was a 
statistically-significant association between the htSNP rs884419, located 1,249 base pairs downstream 



 

 

of the EGFR locus, and prostate cancer recurrence, defined in the study by at least a PSA biochemical 
recurrence (P < 0.001, log-rank test).  At three years post-prostatectomy, 80% of patients with the 
unfavorable genotype (EGFR rs884419 A/A) had developed recurrent prostate cancer; only 20% of 
patients with the favorable genotypes (EGFR rs884419 G/G or EGFR rs884419 A/G) had a detectable 
recurrence at the time.  The frequency of the unfavorable allele in the study population was 3%.  Based 
on Cox proportional hazards analysis, the favorable genotypes G/G and A/G confer a hazard ratio for 
developing prostate cancer recurrence of 0.09 (0.02 to 0.4, 95% CI) and 0.12 (0.03 to 0.44, 95% CI), 
respectively (P = 0.001).  These data suggest that a polymorphism flanking the EGFR gene is an 
independent prognostic marker to predict biochemical recurrence after radical prostatectomy.  For 
prostate cancer patients with the unfavorable EGFR rs884419 biomarker, optimizing the effects of 
radiation therapy may positively impact prognosis.  Our findings support EGFR as a molecular target in 
prostate cancer, and ongoing preclinical studies are evaluating EGFR signaling inhibition as a strategy to 
enhance radiation sensitivity of prostate cancer cells.  
 
Erlotinib (Tyrosine kinase inhibitor of EGFR) - mediated EGFR inhibition in prostate cancer 
causes a dose-dependent reduction of cellular proliferation: As shown below, DU145 or PC3 
prostate cancer cell lines were seeded in 96-well plates (2,000 cells/well) and treated with various doses 
of Erlotinib (1.25 µM-20µM) or control (DMSO) for 74 h.  Cell proliferation was studied using the non-
radioactive cellular proliferation assay CellTiter 96®.  Bars represent the mean absorbance values for 
each treatment condition and error bars indicate the standard deviation (n=3; *, P<0.0005, student’s t-
test). Therefore, EGFR is a target for prostate cancer therapy. 
 

 

 
 



 

 

 
 

MMP7: 
The single nucleotide polymorphisms within various regions of the MMP7 gene were assessed with 
correlation to age at diagnosis, margin status, extracapsular extension, lymph node metastasis, local 
recurrence and tumor survival in paraffin-embedded prostate tissue specimens from patients with early-
stage prostate cancer receiving radical prostatectomy alone. The rs10895304 polymorphism was the sole 
significant polymorphism. The SNP correlated to increased recurrence rates in post-prostatectomy 
patients (p<0.0001, Log Rank Test). The frequency of the homozygous dominant (AA) is 74%, the 
heterozygote (A/G) is 20% and the homozygous recessive (G/G) is 6%. Multivariate analysis (using Chi 
square) did not detect a confounding relationship between recurrence and age at diagnosis, PSA or 
Gleason's score. None of the other assayed polymorphisms were significant, and no correlations were 
made to other clinical variables. The rs10895304 polymorphism is predicted of increased local 
recurrence risk in patients with clinically localized prostate cancer. For this subset of patients, 
prostatectomy alone may not be adequate for local control. This is a novel and relevant marker that 
should be evaluated for improved risk stratification of patients who may be candidates for early post-
operative radiation therapy to improve local control. 

Ongoing experiments will test the therapeutic efficacy of MMP7 inhibitors in prostate cancer models. 
 

Aurora kinase inhibitors as biomarkers and targets for prostate cancer therapy: 
We are using similar approaches in genotyping SNPs in the genes for aurora kinase A and B. We also 
tested an inhibitor of aurora kinase B, AZD1152, in prostate cancer models. We found that AZD1152 
induces G2/M arrest and polyploidy cells, as shown below per flow cytometry analyses: 
 

 
 
 
 
 
 
 
 
 



 

 

 
We then used western analyses of the substrate of aurora kinase B, phospho-histone 3, being inhibited 
by AZD1152, as shown below: 
 

 
Finally, clonogenic study demonstrated that inhibition of aurora kinase B by AZD1152 sensitized 
prostate cancer cells to radiation, as shown below: 

 



 

 

 
3. Key Research Accomplishments: 
1). SNPs of EGFR and MMP7 as biomarkers for prostate cancer recurrence following prostatectomy. 
2). EGFR and MMP7 as potential targets for prostate cancer therapy. 
3). Aurora kinase inhibitors as radiosensitizers by cycle-cycle arrests. 
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